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(57) ABSTRACT

A system for rapid collection of large volumes of dissolved
cgases from groundwater pumps the water from a large-
diameter passage through a small-diameter restrictor
passage, and then into a tlow-through collection chamber.
The small-diameter passage causes a drop 1n the hydrostatic
pressure of the groundwater traveling therein, causing spon-
taneous ebullition of gas bubbles which are then collected 1n
the collection chamber. Testing reveals that the gases are
collected 1n proportion to their presence 1n the groundwater,
and thus the system allows accurate quantification of con-
centrations of dissolved gas in groundwater. The system may
beneficially be made easily portable, thereby allowing its
use 1n the field as well as 1n laboratory settings.

20 Claims, 1 Drawing Sheet
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COLLECTION OF DISSOLVED GASES
FROM GROUNDWATER

FIELD OF THE INVENTION

This disclosure concerns an mvention relating generally
to methods and apparata for collecting and analyzing gases
dissolved within liquids, and more specifically to the col-
lection and analysis of dissolved gas within groundwater.

BACKGROUND OF THE INVENTION

Groundwater, 1.€., subsurface waters such as aquifers,
wells, etc. and surface waters such as lakes, streams, etc., 1S
a frequent subject of environmental and biogeochemical
study. Often, the characteristics and behavior of the ground-
water can be at least partially determined by studying gases
dissolved within the groundwater. As examples, dissolved
gases are olten used to generate estimates of denitrification
from excess N, (1, 2) (these numbers referring to listed
documents set forth 1n a bibliography elsewhere 1n this
document); to study greenhouse gases in groundwater (3,4);
to evaluate terminal electron accepting processes using H,
(5); and to study the cycling of biogeochemically important
frace gases such as CO,, CH,, and N,O. Additionally,
croundwater studies often utilize dissolved gases as “trac-
ers” which allow tracking of environmental processes, with
applications including paleothermometry (6), age-dating (7,
8), estimating groundwater recharge temperature (9), mea-
suring advection and dispersion in rivers and stream (10),
tracing of ocean mixing and circulation paths (11), and
tracking of volatile pollutants in groundwater (12), among
other applications.

However, the measurement of dissolved gases can be a
major analytical challenge. For example, when atmospheric
gas concentrations are abundant relative to the dissolved gas
concentrations, contamination during sampling and analysis
1s a major concern. Losses during handling and storage can
also be a major problem for some gases due to their volatility
and/or biodegradability. In addition, for gases that are typi-
cally present at very small concentrations (e.g., SF, and
noble gas isotopes), simply attaining a large enough sample
fo generate a measurable signal can be a major hurdle.

In view of the foregoing difficulties and the importance of
obtaining accurate dissolved gas measurements, a wide
variety of sampling and storage procedures have evolved for
dissolved gases. Groundwater sampling methods include
collection of water in sealed bottles (with or without chemi-
cal preservation) for equilibration of gases in the headspace
above the water sample (3,4,13); flame sealing of water
samples 1n glass ampules under high purity gases to protect
the sample from contamination with the atmosphere (8);
collection 1n copper tubes with stainless steel pinch-offs
(14); bubble stripping, diffusion probes, and downhole sam-
plers (15); and others. Complex devices and methods may
also be required to extract the gases from the groundwater
and to 1ntroduce and process gas samples within an analyti-
cal instrument. These include, for example, purge and trap
devices for analysis of VOCs, trace gases, CECs and SF (7
and 8), and highly refined vacuum extraction devices in-line
with analytical instruments (14).

The foregoing devices and methods for groundwater
sampling and dissolved gas collection suffer from the prob-
lems that they can be time-consuming, expensive, and
difficult to operate (particularly in field conditions). Thus, it
would be usetul to have available further devices and
methods for groundwater sampling and dissolved gas col-

10

15

20

25

30

35

40

45

50

55

60

65

2

lection and analysis which at least partially overcome some
of these difficulties.

SUMMARY OF THE INVENTION

The 1nvention involves methods and apparata for dis-
solved gas collection which are intended to at least partially
solve the aforementioned problems. To give the reader a
basic understanding of some of the advantageous features of
the invention, following i1s a brief summary of preferred
versions of the collection devices and methods. As this 1s
merely a summary, 1t should be understood that more details
regarding the preferred versions may be found in the
Detailed Description set forth elsewhere 1n this document.
The claims set forth at the end of this document then define
the various versions of the invention in which exclusive
rights are secured.

An apparatus for collecting dissolved gases from ground-
water 1s provided wherein the groundwater of interest for
study 1s supplied to an 1ntake line having an inlet end and a
downstream outlet end. One or more restrictor lines are then
provided downstream from the outlet end of the intake line,
with the restrictor lines promoting a hydrostatic pressure
drop 1n the groundwater traveling therein. This pressure drop
can be generated owing to pumping forces working against
resistance (1.e., frictional losses) from the restrictor lines,
which resistance may be enhanced by decreasing the flow
area of each restrictor line (i.e., the area of the flow passage
measured perpendicular to the direction of flow) and/or
increasing the length of each restrictor line. Alternatively or
additionally, a pressure drop can be generated or enhanced
by having the combined flow areas of the restrictor lines be
less than the flow area of the intake line, whereby the fluid
velocity of the groundwater i1s increased to generate a
corresponding pressure drop. When the groundwater 1is
supplied from the intake line and 1its pressure 1s decreased
within the restrictor lines, the dissolved gases (if any) within
the groundwater will precipitate from the groundwater.
Thus, the dissolved gases begin to bubble from the ground-
water tlowing within the restrictor lines.

A gas collection chamber 1s then situated downstream
from the restrictor line(s), with the gas collection chamber
having an interior wherein the precipitated gas bubbles may
collect near its upper side. Thus, as the flow of groundwater
continues, the amount of collected gas at the upper side of
the gas collection chamber grows. A disposal line then exits
the gas collection chamber, preferably near the lower side of
its 1nterior and below the level at which the groundwater
from the restrictor lines enters the gas collection chamber, so
that degassed groundwater will flow from the disposal line
but the collected gases remain within the gas collection
chamber.

If the source of the groundwater 1s not pressurized such
that 1t will flow through the lines of the apparatus of its own
accord (as where the groundwater is supplied from an
artesian well), a pump may be situated somewhere among or
between the foregoing components to induce flow. A pre-
ferred arrangement 1s to situate any pump downstream from
the restrictor lines so that the pressure drop within the
restrictor lines (and thus the precipitation of any gases from
the groundwater within the restrictor lines) is enhanced by
the pump suction.

To remove at least a portion of the collected gases from
the gas collection chamber, a sampling port 1s preferably
provided at or near the upper side of the interior of the gas
collection chamber where the precipitated gases collect. The
sampling port preferably bears a valve, and 1s adapted for
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removable attachment of a sample collector (such as a
syringe) having an adjustable interior volume. Thus, the
valve may be opened and the collected gases may be drawn
off into the sample collector to be provided to a suitable
analysis device. The collected gases may then be analyzed
by gas chromatography or other methods to determine their
contents. Alternatively, analytical instrumentation for gas
analysis can be directly connected to the sampling port so
that analysis can occur concurrently with collection of gases.

Conveniently, the foregoing apparatus may be provided in
a portable and easily disassembled and reassembled form so
that 1t may be easily used i1n the field as well as 1n a
laboratory. As an example, the imtake and restrictor lines
may be provided by easily folded flexible plastic tubing, and
the collection chamber (which is preferably formed of rigid
plastic or glass) can be sized so that it may be easily held by
on¢ hand. The pump (if present) may take the form of a
laboratory peristaltic (or other) pump which has a protruding
input shaft adapted for receiving a rotary iput from a
cordless drill or other easily portable source of a rotary
power 1nput. Some of all of the foregoing components may
be transparent, allowing the color and particulate content of
the sampled groundwater to be observed during gas
collection, and allowing any areas of actual or potential
fouling to be observed during gas collection.

The mvention offers several advantages for gas collection
and analysis applications. Initially, 1t allows multiple sample
collection procedures to be combined into one simple
method. To illustrate, traditional sampling techniques might
require
(a) that water samples to be analyzed for CFCs be
flame-sealed 1n glass ampules under high purity N,
with subsequent analysis by purge and cryogenic trap
(8),

(b) that water samples to be analyzed for SF, be collected
in a 1-liter or larger bottle with a special cap, with
subsequent analysis by purge and cryogenic trap (7),

(¢) that water samples to be analyzed for Ar, N,, and O,
(which 1s unstable during storage) be collected in a
50-ml septum-sealed glass bottle, with subsequent
analysis by a headspace method (13),

(d) that water samples to be analyzed for H, be run
through a bubble gas stripping chamber to collect H,,
with subsequent analysis by direct injection (15), and

(e) that water to be analyzed for CH, and N, O be injected
into a He or Ar flushed septum-sealed glass bottle, with
subsequent analysis of the CH, and N,O 1in the He or
Ar headspace (13,3).

In contrast, by use of the invention, one only need collect
one or more samples of the collected gas 1n the field or
elsewhere, using a syringe or other sample collector, for later
direct injection 1nto a gas chromatograph 1n the laboratory
(though purge and trap and/or other methods may be used if
desired). Alternatively, the collected gases can be continu-
ously supplied to analytical instrumentation concurrently
with their collection.

Further, the invention avoids the consumption and pro-
duction of biogenic gases that may occur during storage of
a water sample for later analysis. Biotransformation of gases
such as CO,, O,, CH, and N,O during storage of water
samples causes over- or underestimation of the in situ
concentration of such gases. Since the invention separates
the gases from the water when the water 1s sampled, only the
gas need be stored, thus avoiding aqueous bio-
transformations during storage.

Additionally, the mvention allows the collected gases to
be directly supplied to or injected 1nto analytical instrumen-
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tation. More elaborate sample mtroduction and processing
approaches (e.g., the valving required to purge and trap
CFCs and SF. from water samples) may be unnecessary
depending on the application 1n question.

Further advantages, features, and objects of the invention
will be apparent from the following detailed description of
the 1nvention in conjunction with the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

THE FIGURE depicts a sitmplified diagram of an exem-
plary version of the apparatus of the invention.

DETAILED DESCRIPTION OF PREFERRED
VERSIONS OF THE INVENTION

The FIGURE 1illustrates an exemplary version of the
apparatus of the mvention at 100. An mtake line 102 has 1its
inlet end 104 situated within a source of groundwater 10,
and 1ts outlet end 106 1s connected 1 fluid communication
with the 1nlet ends 108 of a pair of restrictor lines 110 via a
T-connector 112. (It should be understood that the intake line
102, the restrictor lines 110, and other components are not
shown to scale 1n the FIGURE, nor are they proportionately
illustrated, and 1n reality they will generally have signifi-
cantly greater length than the apparent length depicted 1n the
FIGURE.) The outlet ends 114 of the restrictor lines 110 are
similarly connected 1n fluild communication with the inlet
end 116 of an output line 118. A pump 120 1s situated in the
output line 118 to provide the driving force for supplying the
croundwater through the apparatus 100, and the pump 120
1s preferably provided 1n a portable form with a protruding
mput shaft 122 which 1s adapted for removable attachment
to a separate driver (such as a cordless drill) which can
supply a rotary mput to the mnput shaft 122. The outlet end
124 of the output line 118 is preferably provided within the
interior 128 of the collection chamber 126 above its lower
side 130 so that a disposal line 132 leading from the
collection chamber 126 at or near its lower side 130 can
drain off water from the interior 128 of the collection
chamber 126, while any gas bubbles exiting from the outlet
end 124 of the output line 118 may float towards the upper
side 134 of the collection chamber 126 for collection. Thus,
by having the groundwater flow from the restrictor lines 110
enter the collection chamber 126 at a level above the height
at which the disposal line 132 exits the collection chamber
126, gas bubbles may be collected without their disposal

through the disposal line 132 along with excess groundwa-
ter.

When the pump 120 1s actuated to achieve a sufficiently
high flow rate, the aforementioned gas bubbles form 1n the
restrictor lines 110. It 1s believed that this occurs owing to
the following principles. For a bubble to form in water, the
sum of partial pressures (XP,) of volatile gas species (N, O,
Ar, etc.) must be in excess of the ambient hydrostatic
pressure PH:

SP=PN,+PO,+PAr+PH,O+ . . . >PH

Thus, spontaneous formation of bubbles (ebullition) can be
induced by decreasing the hydrostatic pressure on the right-
hand side of the equation. In the apparatus 100, wherein the
pump 120 1s situated downstream from the restrictor lines
110, the suction from the pump 120 works on the fluid 1n the
restrictor lines 110. The restrictor lines 110 offer relatively
high resistance to this suction owing to fluid friction within
the restrictor lines 110, which may be enhanced by making
the flow areas of the restrictor lines 110 smaller and/or by
making the restrictor lines 110 longer. Thus, the fluid within
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cach of the restrictor lines 110 1s subjected to a drop 1n
hydrostatic pressure upstream from the inlet of the pump
120, causing bubble generation to occur in these areas. The
theoretical basis for the invention’s operation may be
explained by the Darcy-Weisbach equation, which may be
expressed as:

16 f Q°

fv?
- [12 2g D3

= L
2g D

L

hf

Where hi 1s the head loss 1n a fluid passage;
f 1s the resistance coeflicient;
o 1s the gravitational constant;
L 1s the length of the fluid passage;

D 1s the diameter of the passage;

V 1s the mean velocity of the fluid in the passage; and

Q 1s the volumetric flow rate of the fluid 1n the passage.
Thus, it 1s seen that the head loss is dependent on (1) how
small the diameter of the flow passage is; (2) how great the
velocity/flow rate of the fluid is; and (3) how long the fluid
passage 1s.

Bubble generation and gas collection can also be
enhanced 1f additional or alternative measures are taken to
enhance the pressure drop 1n the restrictor lines 110. Initially,
the restrictor lines 110 can be provided with a lower com-
bined flow area than the flow area of the intake line 102. If
the flow area along a fluid passage 1s decreased, conserva-
fion of mass dictates that the fluid must necessarily undergo
a velocity increase 1n the decreased flow area. Pressure will
then decrease 1n the decreased flow area owing the velocity

increase experienced by the fluid (with increased velocity
resulting in a pressure decrease as per Bernoulli’s equation).
Similarly, it may be beneficial to provide the output line 118
with a lower flow area than the intake line 102, and also
preferably lower than the combined flow area of the restric-
tor lines 110, to further enhance bubble generation upstream
from the collection chamber 126. A decrease 1n hydrostatic
pressure within the restrictor lines 110 may also be promoted
where the restrictor lines 110 are situated at a greater height
than the groundwater source 10, since fluid necessarily
undergoes a decrease 1n hydrostatic pressure as 1t rises
through a column.

It should be understood that more or less than two
restrictor lines 120 may be used, with the foregoing design
considerations being taken into account. More than one
restrictor line 110 1s generally preferred since this will offer
more than one flow area wherein bubbles may be generated,
thus potentially allowing an increase in the rate of gas
collection within the collection chamber 126.

The pump 120, while depicted downstream from the
restrictor lines 110, may be situated elsewhere within the
fluid circuit (e.g., within the disposal line 132). While the
pump 120 repressurizes the two-phase gas bubble/
croundwater mixture when it is situated between the restric-
tor lines 110 and the gas collection chamber 126, 1t has been
found that such repressurization i1s of sufficiently short
duration that the gas bubbles do not significantly redissolve
within the groundwater prior to entering the collection
chamber 126, and thus the collected gas yield 1s not signifi-
cantly diminished. The pump 120, if not self-priming, is
casier to prime when 1t 1s situated nearer to the mnlet end 104
of the intake line 102, but since the inlet end 104 may be
submerged 1n a stream or pond, or inserted within a
borehole, the versatility of the apparatus 100 may be dimin-
ished 1f the pump 120 1s situated too near the inlet end 104.

The collection chamber 126 1s then situated downstream
from the restrictor lines 110 wherein the gas bubbles pre-
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cipitate. Sufficient overhead space 1s provided 1n the collec-
tion chamber 126 that gas bubbles will buoyantly float to the
upper side 134 of the collection chamber 126, allowing the
cgas bubbles to be harvested for analysis. Since gas partial
pressures may be presumed to be proportional to gas mole
fractions as per Dalton’s Law, the partial pressures of
individual gases within the collection chamber 126 may be
determined, and used to quantily the gas content 1n the bulk
fuid.

To harvest the gases collected at the upper side 134 of the
collection chamber 126, the collection chamber 126 is
preferably provided with a sampling port 136, and a valve
138 which selectably allows access to the interior 128 of the
collection chamber 126. A sample collector 140 may then be
provided which has a mouth 142 which 1s removably
attachable to the sampling port 136, and which has an
interior 144 with adjustable size. Thus, when the sample
collector mouth 142 is {it on the sampling port 136, the valve
138 may be opened, and the sample collector interior 144
can be expanded to draw off the gases collected within the
collection chamber 126 into the sample collector interior
144. Here the sample collector 140 1s depicted as a syringe
wherein 1ts 1nterior 144 1s expanded when the plunger 146
1s withdrawn, though other forms of sample collectors are
possible. A valve 148 1s also preferably provided on the
sample collector 140 so that any gases withdrawn 1nto its
interior 144 may be sealed therein to allow transport of the
gases to a gas chromatograph or other analysis device. A
sample collector could instead take the form of a sample
chamber which may be removably connected to the collec-
tion chamber 126 and selectively closed at 1ts 1nlet, as with
the syringe 140, but which does not have an interior with
adjustable size. Instead, the ability to expel the collected gas
from the interior of the sample chamber might be provided
by having a separate second inlet through which a carrier gas
or displacing fluid might be introduced to allow displace-
ment of the collected gas from the sample collector’s
Interior.

The apparatus 100 1s preferably designed as a compact
unit which may be readily carried into the field for gas
sampling at remote locations, and thus 1t 1s useful to provide
at least the 1intake line 102 and restrictor lines 110 1n the form
of flexible tubing which may be readily coiled and
assembled/disassembled when desired. The collection
chamber 126 1s preferably rigid for ease of handling. The
pump 120 (which will also generally be rigid) is preferably
situated adjacent the collection chamber 126 so that all rigid
components are adjacently situated for easier storage and
handling, allowing the intake line 102 and restrictor lines
110 to simply be coiled about the rigid components for
transport and uncoiled for use. It 1s preferable to form most
or all of the various components of transparent materials
(e.g., to form the intake line 102 and restrictor lines 110 of
transparent tubing, and the collection chamber 126 of trans-
parent materials) so that a user may monitor the apparatus
100 for fouling during 1ts use, and so that bubble formation
within the restrictor lines 110 and gas collection within the
collection chamber 126 may be monitored.

Versions of the apparatus 100 have been tested using
transparent nylon tubing (2.0 mm inner diameter) as the
intake line 102; two 3-meter segments of nylon tubing (2.0
mm inner diameter) as the restrictor lines 110; an output line
118 formed of 0.8 m of the same nylon tubing (2.0 mm inner
diameter); a self-priming Masterflex Model U 07024-21
tubing pump head (Cole-Parmer Instrument Co., Vernon
Hills, Ill.) for the pump 120; and a standard laboratory
counterflow trap (made of glass) for the collection chamber
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126. When the pump 120 was driven at approximately 1000
rpm by a cordless drill (which is a particularly convenient
and portable pump driver for field use), the pressure in the
restrictor lines 120 upstream from the pump 120 decreased
to an estimated 0.1 atm, and a groundwater throughput of
approximately 340 ml/min was achieved. The output line
118 extended into the collection chamber 126 to provide
approximately 5 cm of head space adjacent the upper side
134 of the collection chamber 126 wheremn gases could
collect.

An exemplary gas collection procedure 1s as follows.
Before sample collection, the disposal line 132 1s raised
above the collection chamber 126 to establish a back pres-
sure against which the pump 120 will work. About one liter
of groundwater 1s then pumped with the sampling port valve
138 opened, forcing groundwater flow through both the
sampling port valve 138 and the disposal line 132, cleaning
the collection chamber 126 and displacing all gases therein.
The sampling port valve 138 is then closed, leaving only
water within the collection chamber 126. As water 1s
pumped to the disposal line 132, gas collection occurs at the
upper side 134 of the collection chamber 126. When sulfi-
cient gas has accumulated, pumping i1s stopped and the
sampling port valve 138 and sample collector valve 148 are
opened to allow collection of the gases into the gas-tight
sample collector 140. If the disposal line 132 1s raised so that
its water level 1s held even with the water level at the upper
side 134 of the collection chamber 126, the pressure within
the collection chamber 126 and sample collector 140 are
approximately the same as ambient atmospheric pressure
during collection of gases 1nto the sample collector 140.

When the foregoing arrangement 1s used with standard
groundwater sources, approximately 5 to 8 ml of gas (at
approximately atmospheric pressure) per liter of water may
be collected at a pumping rate of about 340 ml/min. The total
amount of gas collected depends on how long the sampling
period lasts. Advantageously, so long as the groundwater
supply 1s not limited, the imnvention allows collection of a
sufficiently large volume of gas that trace gases, such as
CFCs and SF,, may be accumulated 1n sufficient amounts
that their content and amount may be more accurately
measured.

The collected gas can then be analyzed using a variety of
known methods, with an exemplary analysis method pro-
ceeding as follows. Gas samples collected from groundwater
were maintained 1n gas-tight 10 ml syringes until analysis.
Water temperature and ambient barometric pressure were
measured prior to extracting the gas. The total pressure, P,
of dissolved gas was measured relative to laboratory baro-
metric pressure BP, , using a total dissolved gas saturation
monitor 1in percent saturation mode:

P,=BP,,, %SAT/100

The gas samples were then analyzed for general content
to help define appropriate methods for subsequent gas
analysis. N, Ar, O,, N,O, CO,, and H, were detected using
a pulse discharge detector (PDD) in the helium ionization
mode (16), SF, was detected using a PDD in electron
capture mode (17), and chlorofluorocarbons were detected
using a °°Ni electron capture detector. Gas chromatography
was then used to measure the mole fractions (X)) of the
detected gases (N,, Ar, O,, N,O, CO,, CH,, H,, CFC11,
CFC12, CFC13 and SF,). The chromatographic conditions
for N,, Ar, and O, were defined as in (13); for N,O, CH, and
CO,, as defined in (3); for SF, as defined in (18); and for
CFC11, CFC12, and CFC13, as defined 1n (8). Conditions

were modified (e.g., substitution of He carrier gas) as
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necessary to accommodate use of a PDD. The samples,
along with gas standards, were transferred from syringes to
a sample loop on a six-port valve for injection onto the GC
column. Six point calibration curves (mole fraction versus
peak area) were performed by imjection of gas dilutions
prepared by mixing precisely measured aliquots of blank
cgases and standard gas. In load position, the sample loop was
maintained at ambient lab temperature and pressure prior to
injection.

After gas chromatography yielded mole {fractions, the
partial pressure P; of each gas in the water sample was
calculated using the following relationship:

P=X;PF c.i

Here the product X .-P,- equals the partial pressure of the gas
in the water sample, and F_; 1s a gas specific fractionation
coefficient which accounts for gas solubility and other
factors:

k ci .i,M/X.i,A

where X, ,, is the measured mole fraction of a reference
sample of the gas 1n question when this gas 1s extracted from
equilibrated water by use of the invention, and X, , 1s the
mole fraction of the same gas as measured from direct
injection of a reference sample 1nto a chromatograph. The
fractionation coefficient 1s believed to enhance accuracy
because the invention to some degree forcibly extracts gases
from water, and owing to the solubility of each gas 1n water
(among other factors), the amounts of the extracted gases
might differ from those that would occur under equilibrium
conditions (1.e., if the gases were allowed time to come to
equilibrium in a headspace above water). It was found that
for most gases, the variance of the fractionation coeflicient
F_; from unity was negligible or small (i.e., differences
between X, ,, and X, , are negligible or small). However,
some gases had marked differences 1n extractability between
the amounts recovered by the method of the invention and
the amounts recovered at equilibrium. For example, SF,
(which has low solubility in water) had a fractionation
coefficient F_; near 0.5. In contrast, CFC11 (higher
solubility) had a fractionation coeflicient F;_. near 1.2.
However, the fractionation coetficients F_; for different
gases did not always correspond to their solubility, suggest-
ing that the basis for deviation of fractionation coefficients
F_; from unity requires further investigation. Some experi-
ments were performed to see whether fractionation coefli-
cients F_,; varied with temperature, and while no variation
was found for a selected group of gases, further testing to
determine whether fractionation coethcients F_; vary with
temperature would be useful.

The individual gas concentrations determined by use of
the mvention were checked for accuracy versus results
obtained by other methods and versus known concentrations
in reference gas mixtures, and 1t was found that the invention
allows accurate extraction of gases from groundwater and
measurement of their concentrations. The measured gas
concentrations compared favorably to concentrations mea-
sured by other methods, €.g., headspace equilibration, mem-
brane electrode and Winkler titration methods (for O,), etc.

Depending on the quality of the syringes or other sample
collectors used, there may be limitations on the duration of
sample 1ntegrity. Thus, samples are best analyzed as soon as
possible after they are collected. However, because the
invention reduces sample preparation in the lab, analysis
speeds can elfectively be increased, thereby reducing any
backlog of specimens waiting to be tested and allowing
newly-obtained samples to be analyzed sooner.
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The apparatus 100 of the invention need not take the form
of a portable apparatus, and may 1nstead take the form of a
semi-permanent or permanent installation if desired (e.g.,
near landfills or other sites where groundwater monitoring 1s
useful). It is not necessary that the collected gases neces-
sarily be analyzed; for example, where groundwater con-
tamination 1s present, the invention might be used to
decrease the pressure of the groundwater so that any volatile
contaminants flash off into gas for collection, and the
separated groundwater may be allowed to flow back to its
SOUrce.

It 1s understood that preferred versions of the invention
have been described above 1n order to 1llustrate how to make
and use the mvention. The invention i1s not intended to be
limited to these versions, but rather 1s intended to be limited
only by the claims set out below. Thus, the invention
encompasses all different versions that fall literally or
cquivalently within the scope of these claims.
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What 1s claimed 1s:
1. An apparatus for collecting dissolved gases from
groundwater comprising:

a. an 1ntake line having an inlet end and a downstream
outlet end, the mtake line having an intake line flow
area defined therein;
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b. one or more restrictor lines, each extending between an
inlet end and a downstream outlet end and each having,
a restrictor line flow area defined therein, wherein the
mlet end of each restrictor line 1s 1n fluid communica-
tion with the intake line;

. a pump situated downstream from the restrictor lines;

@

d. a gas collection chamber downstream from the restric-
tor lines, the gas collection chamber having an upper

side, an opposing lower side, and an interior;

¢. a disposal line exiting the gas collection chamber.

2. The apparatus of claim 1 wherein any fluid flow from
the outlet end of each restrictor line 1s received within the
interior of the gas collection chamber above the height at
which the disposal line exits the gas collection chamber.

3. The apparatus of claim 1 wherein the disposal line exits
the gas collection chamber at or near the lower side of the
gas collection chamber.

4. The apparatus of claim 1 further comprising a sampling
port defined 1n the gas collection chamber.

5. The apparatus of claim 4 wherein the sampling port 1s
situated at or near the upper side of the gas collection
chamber.

6. The apparatus of claim 4 further comprising a sample
collector which 1ncludes:

a. an 1nterior with adjustable size, and

b. a mouth removably attachable to the sampling port,
whereby the mouth may be attached to the sampling port and
the interior of the sample collector may be expanded to
withdraw at least some of the contents of the gas collection
chamber.

7. The apparatus of claim 1 wherein the restrictor line flow
arcas of all restrictor lines collectively define a total restric-
tor flow area which 1s less than the intake line flow area.

8. The apparatus of claim 1 wherein the pump 1s adapted
for removable attachment to a separate driver, whereby a
driver may be attached to the pump to actuate the pump.

9. The apparatus of claim 8 wherein the pump has a
protruding shaft, and wherein a rotary input supplied to the
shaft actuates the pump.

10. The apparatus of claim 1 wherein at least one of

a. the intake line, and

b. the restrictor lines,
are tlexible.
11. The apparatus of claim 1 wherein at least one of

a. the intake line,
b. the restrictor lines, and

c. the collection chamber,
are transparent.

12. An apparatus for collecting dissolved gases from
groundwater comprising:

a. an intake line having an inlet end and a downstream
outlet end, the intake line having an intake line flow
area defined therein;

b. pumping means for supplying groundwater to the
intake line;

c. restrictor means located downstream from the intake
line and receiving groundwater flowing therefrom, the
restrictor means decreasing the pressure of the ground-
water to a degree sufficient that at least a portion of any
gases dissolved within the groundwater precipitate
therefrom;

d. gas collection means for collecting at least a portion of
any precipitated gases;

¢. a disposal line leading from the gas collection means,
whereby the groundwater from which the gases have
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been precipitated may be disposed from the gas col-
lection means.

13. The apparatus of claim 12 wherein the restrictor
means 1ncludes two or more restrictor lines, each extending
between an mlet end and a downstream outlet end and each
having a restrictor line flow area defined therein, wherein the
inlet end of each restrictor line 1s downstream from the outlet
end of the intake line.

14. The apparatus of claam 13 wherein the restrictor line
flow areas of all restrictor lines collectively define a total
restrictor flow area which 1s less than the intake line flow
area.

15. The apparatus of claim 12 wherein the pumping
means 1s located downstream from the restrictor means.

16. The apparatus of claam 12 wherein the gas collection
means 1ncludes a gas collection chamber having an upper
side, an opposing lower side, and an interior, and wherein
the disposal line exits the gas collection chamber at or near
the lower side of the gas collection chamber.

17. A process for collecting dissolved gases from ground-
water comprising:

a. supplying groundwater to an intake line having an inlet
end and a downstream outlet end;

b. directing the groundwater through a restrictor down-
stream from the 1nlet end of the intake line;

12

c. decreasing the pressure of the groundwater within the
restrictor to a degree suflicient that at least a portion of
any gases dissolved within the groundwater precipitate

therefrom;

d. collecting at least a portion of any precipitated gases;
and

¢. disposing of the groundwater from which the gases
have been precipitated.
18. The process of claim 17 wherein the following steps

10 are performed prior to supplying groundwater to the intake

line:
a. transporting the intake line 1 a folded state to a
groundwater sampling site;

b. unfolding the intake line at the groundwater sampling

site; and

c. placing the inlet end of the intake line mto the ground-

water to be supplied to the intake line.

19. The process of claam 18 wheremn any precipitated
gases are collected 1 a gas collection chamber, and wherein
the gas collection chamber 1s transported to the groundwater
sampling site with the intake line.

20. The process of claim 17 wherein the restrictor is
provided by two or more restrictor lines.
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